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Description 

[0001] This invention relates to a fluid mover. 
[0002] The present invention has reference to a fluid 
mover having a number of practical applications of di- 5 
verse nature ranging from marine propulsion systems to 
pumping applications for moving and/or mixing fluids 
and/or solids of the same or different characteristics. The 
present invention also has relevance in the fields inter 
alia of heating, cleaning, aeration, gas fluidisation, and 10 
agitation of fluids and fluids/solids mixtures, particle sep- 
aration, classification, disintegration, emulsification, ho- 
mogenisation, dispersion, hydration, atomisation, drop- 
let production, viscosity reduction, density reduction, and 
pasteurisation 15 
[0003] More particularly the invention is concerned 
with the provision of a fluid mover having essentially no 
moving parts 

[0004] Ejectors are well known in the art for moving 
working or process fluids by the use of a either a central 20 
or an annular jet which emits steam into a duct in order 
to move the fluids through or out of appropriate ducting 
or into or through another body of fluid. The ejector prin- 
cipally operates on the basis of inducing flow by creating 
negative pressure, generally by the use of the venturi 25 
principle. The majority of these systems utilise a central 
steam nozzle where the induced fluid generally enters 
the duct orthogonally to the axis of the jet, although there 
are exceptions where the reverse arrangement is provid- 
ed. The steam jet is accelerated through an expansion 30 
nozzle into a mixing chamber where it impinges on and 
is mixed with process fluid. The mixture of process fluid 
and steam is accelerated to higher velocities within a 
downstream convergent section prior to a divergent sec- 
tion, e.g. a venturi. The pressure gradient generated in 35 
the venturi induces new process fluid to enter the mixing 
chamber. The energy transfer mechanism in most steam 
ejector systems is a combination of momentum, heat and 
mass transfer but by varying proportions. Many of these 
systems employ the momentum transfer associated with 40 
a converging flow, while others involve the generation of 
a shock wave in the divergent section. One of the major 
limitations of the conventional convergent/divergent sys- 
tems is that their performance is very sensitive to the 
position of the shock wave which tends to be unstable, 45 
easily moving away from its optimum position. It is known 
from the prior art mentioned infra that if the shock wave 
develops in the wrong place within the convergent/diver- 
gent sections, the relevant unit may well stall. Such sys- 
tems can also only achieve a shock wave across a re- 50 
stricted section. 

[0005] Furthermore, for systems which employ a cen- 
tral steam nozzle, the throat dimension restriction and 
the sharp change of direction affecting the process fluid 
presents a serious limitation on the size of any particulate 55 
throughput and certainly any rogue material that might 
enter the system could cause blockage. 
[0006] USP 2 396 290 to Schwarz discloses a sludge 



system intended essentially as an apparatus for remov- 
ing from storage tanks the accumulation of viscous tar 
or semi-fluid tar, oil sludges and the like. The Schwarz 
system has a throat body provided with an outwardly 
flared portion at one end, a steam intake nozzle extending 
into the body and having a central opening for the pas- 
sage of material therethrough into the throat body, and 
a steam discharge nozzle at the flared end for drawing 
material out of the flared portion of the throat body. The 
principal objective of Schwarz is to provide a means 
whereby the difficult materials recited above may be flu- 
idised by a combination of the impact of the steam initially 
at the intake end of the throat body and the heat of the 
steam, the material being further subjected to the same 
action afforded by the discharge nozzle. The viscosity of 
the difficult material is thus reduced to improve flowability 
to allow pumping. It is to be noted that the flow of material 
whilst being assisted through the throat body has to pass 
from a wide bore nipple into a tapered section prior to 
the location of the primary steam nozzle, thus constrain- 
ing the material and potentially causing blockages. 
Equally the throat body is of smaller dimension than the 
intake nipple and the tapered section, thus combining to 
create a constriction to the flow, albeit that the intention 
is to provide a concentration of impact and heat applica- 
tion for the purpose taught. The secondary or discharge 
nozzle fulfils a similar function to that of the primary noz- 
zle to give a second stage impact and fluidising effect to 
the flowing material thus to enhance induction of the ma- 
terial through the system. The potential disadvantage of 
the Schwarz system is that by virtue of the convergent 
nature of the inlet to the unit and the constricted throat 
portion the free flow of fluid materials therethrough is like- 
ly to be difficult or restricted by the physical characteris- 
tics of the materials. As will be appreciated control on the 
type and size of material entering this system is difficult 
and the chances of blockage are high from material or 
agglomerates which have a size approaching the inlet 
bore size of the unit. 

[0007] Canadian Patent No 833 980 to Schutte and 
Koerting Co is concerned with a jet pump of the type 
having a compressible flow in the diffusor and a super- 
critical ratio of suction to discharge pressures. The meth- 
od and apparatus described by Schutte and Koerting are 
aimed at overcoming certain defined disadvantages as- 
sociated with the operation of jet pumps in which super- 
sonic velocities initially prevail in the mixture of the motive 
or thrust stream and the suction stream. As is explained 
in this prior art the change from supersonic to subsonic 
velocity occurs in a shock zone. In particularthe problem 
associated with this type of pump, used for pumping gas, 
resides in controlling the positioning of the Shockwave 
which is critical in that if it moves into either the intake or 
the discharge zone of the diffusor, significant difficulties 
arise. In particular, if the Shockwave moves into the con- 
vergent conical intake zone the jet pump becomes un- 
stable and might even fail. If the shock wave moves into 
the divergent conical exit zone the rate of flow of the 
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mixture of the thrust and suction streams is accelerated 
resulting in a reduction in efficiency. The patentees pro- 
pose a method of monitoring the prevailing conditions 
within the diffusor and to vary the thrust stream accord- 
ingly in orderto position the Shockwave accurately there- 
by to optimise efficiency. The jet pump of this prior art is 
essentially a conventional steam ejector and the inven- 
tion merely lies in the monitoring and control of the shock 
wave positioning. This jet pump is configured for gas 
pumping and as such would be unsuitable for pumping 
liquids or liquid/solids mixtures, not least because of the 
significant difficulties associated with achieving super- 
sonic velocities with substantially incompressible fluids. 
Clearly the amount of energy that would be required to 
impart supersonic velocity to the mixture would be pro- 
hibitive since the performance would be poor. 
[0008] USP 3 664 768 to Mays concerns a fluid trans- 
former of the straight-through type for sludges and other 
liquid/solids materials in which again the throat area con- 
verges, in this instance in a stepwise configuration there- 
by giving rise to potential impaction of the solids elements 
of the fluids passing therethrough. It is to be noted that 
Mays is silent regarding the nature of the impelling fluid. 
A fluid mover having the features recited in the preamble 
of claim 1 is disclosed in JP 04-18400 to Mitsui. 
[0009] An object of the present invention is to provide 
a fluid mover having essentially no moving parts having 
an improved performance than fluid movers currently 
available in the absence of any constriction such as is 
exemplified in the prior art herein recited. 
[0010] A further object of the present invention is to 
provide a method of moving fluid. 
[001 1 ] According to a first aspect of the present inven- 
tion a fluid mover includes a hollow body provided with 
a straight-through passage of substantially constant 
cross section with an inlet at one end of the passage and 
an outlet at the other end of the passage for the entry 
and discharge respectively of a working fluid, a nozzle 
substantially circumscribing and opening into said pas- 
sage intermediate the inlet and outlet ends thereof, an 
inlet communicating with the nozzle for the introduction 
of a transport fluid, and a mixing chamber being formed 
within the passage downstream of the nozzle, the nozzle 
being of convergent-divergent geometry internally there- 
of such as in use to provide for the generation of super- 
sonic flow of the transport fluid therein, the nozzle and 
mixing chamber being so disposed and configured that 
in use a dispersed droplet flow regime and a supersonic 
shock wave are created within the mixing chamber by 
the introduction of the transport fluid, through the nozzle 
and subsequent condensation thereof and whereby a 
pseudo convergent-divergent section is created in the 
working fluid flow in the mixing chamber by the introduc- 
tion of the transport fluid through the nozzle. 
[001 2] The transport fluid is preferably a condensable 
fluid and may be a gas or vapour, for example steam, 
which may be introduced in either a continuous or dis- 
continuous manner. 



[001 3] At or near the point of introduction of the trans- 
port fluid, for example immediately downstream thereof, 
a pseudo-vena contracta or pseudo convergent/diver- 
gent section is generated, akin to the convergent/diver- 

5 gent section of conventional steam ejectors but without 
the physical constraints associated therewith since the 
relevant section is formed by the effect of the steam im- 
pacting upon the working or process fluid. Accordingly 
the fluid mover of the present invention is more versatile 

10 than conventional ejectors by virtue of a flexible internal 
boundary.. The flexible boundary lies between the work- 
ing fluid at the center and the solid wall of the unit, and 
allows disturbances or pressure fluctuations in the multi 
phase flow to be accommodated better than for a solid 

15 wall. This advantageously reduces the sonic velocity 
within the multi phase flow, resulting in better droplet dis- 
persion, increasing the momentum transfer zone length, 
thus producing a more intense Shockwave. Accordingly 
the positioning and intensity of the Shockwave is variable 

20 depending upon the specific requirements of the system 
in which the fluid mover is disposed. 
[0014] The mechanism of the present invention relies 
on a combination of effects in order to achieve its high 
versatility and performance, notably heat, momentum 

25 and mass transfer which gives rise to the generation of 
the shock wave and also provides for shearing of the 
working fluid flow on a continuous basis by shear disper- 
sion and/or disassociation. 

[0015] The intensity of the supersonic shock wave is 

30 controllable by manipulating the various parameters pre- 
vailing within the system when operational. Accordingly 
the flow rate, pressure and quality, i.e. in the case of 
steam the dryness, of the transportf luid may be regulated 
to give the required intensity of Shockwave. In this con- 

35 nection the intensity of the Shockwave essentially relates 
to its degree of development within and across the pas- 
sage and the mixing chamber. For example the shock- 
wave may develop across the whole section or may only 
partially do so providing a central core that is open. The 

40 intensity of the Shockwave may therefore be variable de- 
pendent upon the particular task the fluid mover has to 
perform. Furthermore the intensity of the Shockwave may 
also be determined or defined by its position within or 
possibly without the passage or mixing chamber. As in- 

45 dicated supra the positioning of the shock wave may be 
manipulated in accordance with requirements and is not 
limited by the physical constraints of conventional ejec- 
tors since the pseudo-vena contracta is of variable di- 
mension. 

50 [0016] The supersonic Shockwave constitutes in one 
aspect of its function a barrier through or across which 
fluid flow occurs in one direction only and in that respect 
may be regarded as a one-way valve, there being no 
designed possibility of backflow through the Shockwave. 

55 Further, the steam condensation immediately leading up 
to the creation of a supersonic Shockwave provides a 
self-induction mechanism whereby the transport fluid is 
drawn in by the very Shockwave the fluid produces and 
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accordingly is to some extent self-perpetuating when in 
operation. It is predominantly the position and intensity 
of the Shockwave which dictates the pressure gradient 
obtained across the unit, which in turn defines the pres- 
sure and suction head and flow rate capabilities of the 
unit. 

[0017] The passage may be of any convenient cross- 
sectional shape suitable for the particular application of 
the fluid mover. The passage shape may be circular, rec- 
tilinear or any intermediate shape, for example curvilin- 
ear. 

[0018] Preferably the nozzle is located as close as pos- 
sible to the projected surface of the working fluid in prac- 
tice and in this respect a knife edge separation between 
the transport fluid or steam and the working fluid stream 
is of advantage in order to achieve the requisite degree 
of interaction. The angular orientation of the nozzle with 
respect to the working fluid stream is of importance and 
may be shallow. 

[001 9] In some embodiments of the present invention 
a series of nozzles is provided lengthwise of the passage 
and the geometry of the nozzles may vary from one to 
the other dependent upon the effect desired. For exam- 
ple, the angular orientation may vary one to the other. 
The nozzles may have differing geometries in order to 
afford different effects, i.e. different performance charac- 
teristics, with possibly differing parametric steam condi- 
tions. For example some nozzles may be operated for 
the purpose of heating whereas others are used simul- 
taneously for mixing or disintegrating for example. Each 
nozzle will have a mixing chamber section downstream 
thereof. I n the case where a series of nozzles is provided 
the number of operational nozzles is variable. 
[0020] The nozzle may be of a form to correspond with 
the shape of the passage and thus for example a circular 
passage would advantageously be provided with an an- 
nular nozzle circumscribing it. The term 'annular' as used 
herein is deemed to embrace any configuration of nozzle 
or nozzles that circumscribes the passage of the fluid 
mover. 

[0021] In the case of a rectilinear passage, which may 
have a large width to height ratio, nozzles would be pro- 
vided at least on each transverse wall, but not necessarily 
on the side walls, although the invention optionally con- 
templates a full circumscription of the passage by the 
nozzle irrespective of shape. 

[0022] The or each nozzle may be continuous or may 
be discontinuous in the form of a plurality of apertures, 
e.g. segmental, arranged in a circumscribing pattern that 
may be circular. In either case each aperture may be 
provided with helical vanes formed in order to give in 
practice a swirl to the flow of the transport fluid. As a 
further alternative the nozzle may circumscribe the pas- 
sage in the form of a continuous helical scroll over a 
length of the passage, the nozzle aperture being formed 
in the wall of the passage. 

[0023] The or each nozzle may be of a convergent- 
divergent geometry internally thereof, and in practice the 



nozzle is configured to give the supersonic flow of trans- 
port fluid within the passage. For a given steam condition, 
i.e. dryness, pressure and temperature, the nozzle is 
preferably configured to provide the highest velocity 
5 steam jet, the lowest pressure drop and the highest en- 
thalpy. 

[0024] For example only, and not by way of limitation, 
an optimum area ratio for the nozzle, namely exit area: 
throat area, lies in the range 1 .75 and 7.5, with an includ- 

10 ed angle of less than 9° . 

[0025] The or each nozzle is conveniently angled to- 
wards the flow since this occasions penetration of the 
working fluid and advantageously prevents both kinetic 
energy dissipation on the wall of the passage and pre- 

15 mature condensation of the steam at the wall of the pas- 
sage, where an adverse temperature differential prevails. 
The angular orientation of the nozzles is selected for op- 
timum performance which is dependent inter alia on the 
nozzle orientation and the internal geometry of the mixing 

20 chamber. Further the angular orientation of the or each 
nozzle is selected to control the pseudo-convergent/di- 
vergent profile and the condensation Shockwave position 
in accordance with the pressure and flow rates required 
from the fluid mover. Moreover, the creation of turbu- 

25 lence, governed inter alia by the angular orientation of 
the nozzle, is importantto achieve optimum performance 
by dispersal of the working fluid in order to increase ac- 
celeration by momentum transfer. This aspect is of par- 
ticular import when the fluid mover is employed as a 

30 pump. For example, and not by way of limitation, in the 
present invention it has been found that an angular ori- 
entation for the or each nozzle may lie in the range 0 to 
30°. 

[0026] A series of nozzles with respective mixing 
35 chamber sections associated therewith may be provided 
longitudinally of the passage and inthis instancethe noz- 
zles may have different angular orientations, for example 
decreasing from the first nozzle in a downstream direc- 
tion. Each nozzle may have a different function from the 
40 other or others, for example pumping, mixing, disinte- 
grating, and may be selectively brought into operation in 
practice. Each nozzle may be configured to give the de- 
sired effects upon the working fluid. Further, in a multi- 
nozzle system by the introduction of the transport fluid, 
45 for example steam, phased heating may be achieved. 
This approach may be desirable to provide a gradual 
heating of the working fluid. 

[0027] The mixing chamber geometry is determined 
by the desired and projected output performance and to 

50 match the designed steam conditions and nozzle geom- 
etry. In this respect it will be appreciated that there is a 
combinatory effect as between the various geometric fea- 
tures and their effect on performance, namely there is 
interaction between the various design and performance 

55 parameters having due regard to the defined function of 
the fluid mover. 

[0028] At the location of the or each nozzle in the pas- 
sage, the dimension of the passage is greater than either 
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upstream or downstream thereof since this increase 
compensates for the additional volume of fluid intro- 
duced. However, the cross sectional area of the mixing 
chamber is always consonant with or greater than the 
cross sectional area of the passage whereby any material 
entering the passage meets no constriction. The cross- 
sectional area of the mixing chamber may vary with 
length and may have differing degrees of reduction along 
its length, i.e. the mixing chamber may taper at different 
angles at different points along its length. The mixing 
chamber tapers from the location of the or each nozzle 
and the taper ratio is selected such that the multi-phase 
flow velocity and pressure distribution of the condensa- 
tion shock wave is maintained at its optimum position. 
This point isfound inthe region of the throat of the mixing 
chamber, but the invention also foreshadows a different 
position, for example just after the throat. As heretofore 
indicated the intensity of the Shockwave is controllable 
and coupled with its positioning will dictate its perform- 
ance characteristics. As foreshadowed supra the super- 
sonic Shockwave may not extend across the whole of the 
cross-sectional dimension of the passage or mixing 
chamber and may resemble an annulus, for example it 
may be akin to a doughnut shape with a central relief. 
The regulation of the Shockwave is a determinant of the 
performance of the fluid mover and is in turn dictated by 
its particular application. 

[0029] The mixing chamber of the present invention 
may be of variable length in order to provide a control on 
the point at which collapse or implosion of the steam, i.e. 
condensation and pressure drop, occurs, thus affecting 
the extent of the supersonic shock wave and the per- 
formance of the fluid mover. The length of the mixing 
chamber is thus chosen to provide the optimum perform- 
ance regarding momentum transfer. In some expres- 
sions of the invention the length may be adjustable in situ 
rather than predesigned in order to provide a measure 
of versatility. The collapse of the steam gives rise to an 
implosive force which also influences the entrapped 
working fluid within the circumscribing steam stream to 
the extent that a pinching effect takes place. Accordingly 
the steam collapse is focused and the working fluid in- 
duced thereby is directionalised. 
[0030] A cowl may be provided downstream of the out- 
let from the passage in order to enhance the collapse 
effect and to harness the pressure and to accelerate an 
additional volume of the working fluid stream. 
[0031] The fluid mover may also be provided with a 
fluid inlet nozzle, for example for the introduction of air 
or gas or indeed a liquid, provided in the passage inter- 
mediate the inlet and the outlet. The fluid nozzle may 
circumscribe the passage and may therefore be of an- 
nular form and may be located upstream and/or down- 
stream of and/or coincident with the nozzle for the trans- 
port fluid or steam. 

[0032] The fluid inlet or other inlets which may be pro- 
vided in the passage may be used for the introduction of 
other gases or liquids or of other additives that may for 



example be treatment substances for the working fluid 
or may be particulates in powder or pulverulent form and 
used to seed or be mixed with the working fluid. The other 
inlets may additionally or alternatively be employed for 

5 the introduction offurtherworkingfluid.Thefluids or other 
additives are entrained into the working fluid by the low 
pressure created within the unit, typically for example in 
the region of 0.2bar. The fluids or additives can also be 
pressurised by an external means and pumped into the 

10 working fluid, if so required. 

[0033] I n a further embodiment of the present invention 
the fluid mover is disposed within a chamber provided 
with an inlet and an outlet, the inlet diverging to a central 
section of constant cross section in which the fluid mover 

15 is located and the chamberconverging towards the outlet 
thereof. In this arrangement the working fluid is induced 
through the fluid mover and also around it within the con- 
fines of the chamberthe outlet of which is no smallerthan 
its inlet. 

20 [0034] The fluid mover of the present invention may 
also be used in heating applications where the heat in 
the case of steam when used as the transport fluid is 
employed since necessarily the working fluid will receive 
heat from the steam. The heat of the steam may also 

25 have advantageous effects on the physical properties of 
the working fluid; for example the viscosity of the working 
fluid may be reduced. 

[0035] According to a second aspect of the present 
invention a method of moving a working fluid includes 

30 presenting a fluid mover to the fluid, the mover having a 
straight-through passage of substantially constant cross 
section, applying a substantially circumscribing stream 
of a transport fluid to the passage through an annular 
nozzle, causing the collapse of the transport fluid thereof 

35 to create a region of low pressure thereby to induce work- 
ing fluid flow through the passage, generating a dis- 
persed droplet flow regime and a supersonic Shockwave 
within a mixing chamber downstream of the nozzle, in- 
ducing flow of the working fluid through the passage from 

40 an inlet to an outlet thereof, and modulating the shock 
wave to vary the working fluid discharge from the outlet. 
[0036] The transport fluid is preferably a condensable 
fluid and may be a gas or vapour, for example steam. 
[0037] The thermal capacity of the working fluid is gen- 

45 erally sufficient to yield the desired result in terms of the 
condensation effect. However, in those instances where 
that capacity might be insufficient, the invention includes 
the step of introducing additional working fluid or another 
working fluid, e.g. water, at a location downstream of the 

50 introduction of the transport fluid, e.g. steam, in order to 
provide additional quenching of the steam to give the 
requisite result. 

[0038] The method of the present invention involves 
the transfer of energy to the working fluid by a combina- 
55 tion of heat, momentum and mass transfer as the trans- 
portfluid, e.g. steam, is acceleratedto supersonicspeeds 
and directed by the nozzle into the working or process 
fluid. The resulting mixture of the transport and working 
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fluids is accelerated within the pseudo-convergent sec- 
tion before it decelerates as a result of shear losses, 
steam condensation, and mass transfer. It is the decel- 
erative aspect of the invention that results in the gener- 
ation of the supersonic shock wave. 
[0039] In carrying out the method of the present inven- 
tion the creation of a shock wave, plus control of its po- 
sition and intensity, is occasioned by the design of the 
nozzle interacting with the setting of the desired para- 
metric conditions, for example in the case of steam as 
the transport fluid the pressure, the dryness or steam 
quality, the temperature and the flow rate to achieve the 
required performance of the steam nozzle. 
[0040] The fluid mover of the present invention may 
be employed in a variety of applications ranging from 
marine propulsion, where the mover is submersed within 
a body of fluid, namely the sea or lake or other body of 
water, to its use as a pump or mixer or aerator. In its 
application to pumping a variety of working fluids may be 
moved and may include liquids, liquids with solids in sus- 
pension, slurries, sludges and the like. It is an advantage 
of the straight-through passage of the mover that it can 
accommodate material that might find its way into the 
passage. The velocity and pressure generated within the 
passage and enhanced by the collapse of the transport 
fluid or steam are such as to ensure rapid movement 
through the passage. Such an advantage is also of par- 
ticular import in the use of the fluid mover as a propulsion 
unit in the marine field where flotsam and jetsam can be 
a serious problem inhibiting the smooth running of more 
conventional propulsion units. 

[0041] It has been found that the present invention by 
virtue of the shearing effect in combination with the shock 
wave affords a mechanism occasioning capability for 
breaking up any friable or readily disintegratable material 
that may have entered the passage, the combination of 
the shearing effect, namely an effect of shear dispersion 
and/or disassociation, and the shock wave having a dis- 
integrating effect on the material. 
[0042] The disintegrating effect of the supersonic 
shock wave assists in the transport of materials that 
would otherwise be regarded as difficult, for example 
slurries, sludges both primary and secondary, raw sew- 
age or sewage sludge since the invention affords the 
capability of breaking up the solids for easier disposal. 
In a further example from the waste water industry this 
effect can be employed for disintegration of agglomer- 
ates and other particle size reduction in aerobic and 
anaerobic digesters. The combination of disintegration 
and heating of the sludge has an added benefit of in- 
creasing the biological activity of the sludge, thereby im- 
proving the generation of biogas within the digester. Any 
filter cake generated in the sewage treatment process, 
or indeed any other process, is also a candidate for dis- 
integration using the fluid mover of the invention. 
[0043] At the same time it has been found that the in- 
vention also has application to the destruction of harmful 
bacteria, for example e-coli, or the control of filamentous 



bulking in the waste water industry. The shearing mech- 
anism afforded by the present invention coupled with the 
pressure gradient across the Shockwave effectively de- 
stroys the bacteria in the fluid flow. The heat input of the 

5 transportfluid, usually steam, enhances this bacteria kill- 
ing effect thereby providing for the sterilization of the 
working fluid. The sterilising effect could be enhanced 
further with the entrainment of chemicals or other addi- 
tives which is mixed into the working fluid. 

w [0044] The present invention may also be used for the 
control and destruction of organisms. For example the 
present invention may be used for pumping and treat- 
ment of ballast water from marine vessels. The combi- 
nation of the shearing mechanism, the Shockwave and 

15 the heat input will destroy water borne organisms such 
as snails and artemia. This effect could be further en- 
hanced with the introduction of air to the working fluid, 
thereby causing gas bubble trauma and/or gas satura- 
tion. 

20 [0045] In the food industry for example, the present 
invention maybe used for the pasteurisation of potable 
and comestible products. 

[0046] The invention further allows the treatment of liq- 
uids containing solids material of a size and flow rate 

25 greater than are possible with conventional equipment 
since the disintegrating action occurs across a larger 
cross section of passage than that available convention- 
ally. Additionally any rogue material that may enter the 
fluid mover can be accommodated without damage since 

30 the fluid mover has little or no impedance. 

[0047] The invention may also be used for mixing, dis- 
persion or hydration and again the combination of the 
shearing mechanism and presence of the shock wave 
provides the mechanism for achieving the desired result. 

35 in this connection the fluid mover may be used for mixing 
one or more fluids, one or more fluids and solids in par- 
ticulate form, for example powders. The fluids may be in 
liquid or gaseous form. It has been found that the use of 
the present invention when mixing liquid with a powder 

40 of particulate form a homogeneous mixture results, even 
when the powder is of difficultto wet material, for example 
G urn Tragacanth which is a thickening agent. This mech- 
anism could also be used for example in the manufacture 
of paints, where powders and other additives, such as 

45 extenders, can be entrained, mixed and dispersed. 

[0048] The treatment of the working fluid, for example 
heating, dosing, mixing, dispersing, emulsifying etc may 
occur in batch mode using at least one fluid mover or by 
way in an in-line or continuous configuration using one 

50 or more fluid movers as required. 

[0049] A f u rth e r use to wh ich the p rese nt i n ve nti o n may 
be put is that of emulsification which is the formation of 
a suspension by mixing two or more liquids which are 
not soluble in each other, namely small droplets of one 

55 liquid (inner phase) are suspended in the other liquid(s) 
(outer phase). The present invention has achieved sat- 
isfactory emulsification in the absence of surfactant 
blends, although they may be used if so desired. It has 
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been found that the present invention has achieved the 
emulsification of fat, oils and greases in water to a ho- 
mogenised condition with a particle size down to 0.1 fxm 
in a single pass through the fluid mover, without the use 
of a surfactant. In addition, due to the straight through 
nature of the invention, there is no limitation on the par- 
ticle size that can be handled, allowing particle sizes up 
to the bore size of the unit whilst emulsification is taking 
place. 

[0050] The fluid mover of the present invention may 
be used simply for transporting solids in a liquid carrier 
medium, for example paper pulp of up high consistency, 
particulates in water or other liquid, e.g. sand or gravel 
(5mm pea shingle) in water of up to 80% solids. This high 
solids content capability is of particular importance in 
some applications, for example when used for moving 
radioactive material from collection tanks as part of nu- 
clear decommissioning. There is less liquid to firstly sep- 
arate from the solids and consequently less to dispose 
of safely. 

[0051] A further example of solids handling capability 
is grain and split grain transport, where the present in- 
vention could also be utilised for separation of the husks. 
[0052] Further the fluid mover may be employed for 
washing particulate materials of slurries to effect sepa- 
ration of the wanted from the waste elements. This usage 
has particular, but not exclusive, application to mineral 
dressing systems. This usage can also be applied to de- 
oiling of oil rich media. I.e. separating the oil from other 
particles, for example oil sands, mill scale and oil spill 
from beaches. 

[0053] Whilst there has been emphasis upon the use 
of a liquid working fluid, it is within the scope of the in- 
vention that the working fluid could be gaseous, for ex- 
ample air. In this connection, the fluid mover may be de- 
ployed as an extractor whereby the injection of the trans- 
port fluid, for example steam, effects induction of a gas 
for movement from one zone to another. One example 
of use in this way is to be found in fire fighting when 
smoke extraction at the scene of a fire is required. The 
present invention has the additional benefit of wetting or 
quenching of explosive or toxic atmospheres utilising ei- 
ther just the steam, or with additional entrained water 
and/or chemical additives. The latter configuration could 
be used for placing the explosive or toxic substances into 
solution for safe disposal. 

[0054] Also forfirefighting applications, the fluid mover 
may be deployed to draw air or another gas into its pas- 
sage into which water or another fluid is introduced. The 
mixing and disintegrating functions of the invention may 
be exploited whereby the shearing effect mentioned 
above together with the pressure gradient across the 
shock wave give rise to conditions in which the water is 
atomised by the incoming transportfluid, e.g. steam. The 
atomisation of the water may be effected by its transport 
with the transport air and its passage through the super- 
sonic shock wave and/or by a shearing effect. The atom- 
isation effect as indicated above may be advantageously 



employed by the fire services, for example, when attend- 
ing a fire or where there has been a leakage or escape 
of chemical or biological materials in liquid or gaseous 
form. The atomised spray provides a mist which effec- 

5 tively creates a blanket saturation of the prevailing at- 
mosphere giving a thorough wetting result. The effect in 
the case of fire is to dampen down the combustion. In 
the case where chemical or biological materials are in- 
volved, the mist wets the materials and occasions their 

10 precipitation or neutralization. Additional treatment could 
be provided by entrainment of chemical or biological ad- 
ditives into the working fluid. 

[0055] Once the fire is under control or the chemical 
or biological materials have been successfully neutral- 
's jzed, the fluid mover of the present invention may also 
be used as a means of collecting and discharging the 
liquid or gaseous waste from the site. This provides a 
further opportunity to neutralise the waste by virtue of the 
heat provided by the steam, and also allows f urtherchem- 
20 ical or biological additives to be added and mixed with 
the fluids. 

[0056] In this area of usage also lies another potential 
application in terms of foam generation for fire fighting 
purposes. A fluid mixture of water with a foaming agent, 
25 and possibly air, are mixed within the fluid mover using 
the transport fluid, e.g. steam, by virtue of a combination 
of the shearing effect and of the supersonic shock wave 
[0057] The straight thro ugh aspect of the invention has 
the additional benefit of offering very little flow restriction 
30 and therefore a negligible pressure drop, when a fluid is 
moved through it. This is of particular importance in ap- 
plications where the fluid mover is located in a process 
pipe work and fluid is pumped through it when the fluid 
mover is turned off. In addition, the clear bore offers no 
35 impedance to cleaning 'pigs' or other similar devices 
which may be employed to clean the pipe work. 
[0058] By way of example, four embodiments of a fluid 
mover in accordance with the present invention are de- 
scribed below with reference to the accompanying draw- 
ee ings in which: 

[0059] Figure 1 is a cross sectional elevation of a first 
embodiment; 

[0060] Figure 2 is a cross sectional elevation of a sec- 
ond embodiment with respective end views shown; 

45 [0061] Figure 3 is a cross sectional elevation of a third 
embodiment with respective end views shown; and 
[0062] Figure4 is across sectional elevation of afourth 
embodiment with respective end views shown. 
[0063] Like numerals of reference have been used for 

50 like parts throughout the specification. 

[0064] Referring to Figure 1 there is shown a fluid mov- 
er 1 comprising a housing 2 defining a passage 3 pro- 
viding an inlet 4 and an outlet 5, the passage 3 being of 
substantially constant circular cross section. 

55 [0065] The inlet 4 is formed at the front end of a pro- 
trusion 6 extending into the housing 2 and defining exte- 
riorly thereof a plenum 8 for the introduction of atransport 
fluid, the plenum 8 being provided with an inlet 10. The 
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protrusion 6 defines internally thereof part of the passage 
3. The distal end 12 of the protrusion 6 remote from the 
inlet 4 is tapered on its relatively outer surface at 14 and 
defines an annular nozzle 16 between it and a corre- 
spondingly tapered part 1 8 of the innerwall of the housing 
2, the nozzle 16 being in flow communication with the 
plenum 8. The nozzle 16 is so shaped as in use to give 
supersonic flow. 

[0066] In operation the housing 2 in one application is 
disposed in a body of a working fluid (not shown), for 
example water, orthe inlet 4 being connected to a source 
of a working or process fluid such as water. Introduction 
of the steam into the fluid mover 1 through the inlet 10 
and plenum 8 causes a jet of steam to issue forth through 
the nozzle 16. The parametric characteristics of the 
steam are selected whereby in use a supersonic shock 
wave is generated within the passage 3 downstream of 
the nozzle 1 6 in a section of the passage operating as a 
mixing chamber (3A). In operation the Shockwave is cre- 
ated in the mixing chamber (3A) and is maintained at an 
appropriate distance within mixing chamber (3A). The 
steam jet issuing from the nozzle occasions induction of 
the working fluid through the passage 3 which because 
of its constant dimension presents no obstacle to the flow. 
At some point determined by the steam and geometric 
conditions, and the rate of heat and mass transfer, the 
steam collapses or implodes and thus condenses caus- 
ing a reduction in pressure. The steam condensation oc- 
curs immediately in front of the Shockwave which is thus 
formed, which in turn creates a high pressure gradient 
which enhances the induction of fluid through the pas- 
sage 3. 

[0067] Additionally it has been observed that the col- 
lapse of the steam, which is part of the mechanism by 
which the invention functions, does not give rise to a tell- 
tale wake and therefore the physical fluid signature of 
the fluid mover is thus of low level. 
[0068] Figure 2 shows a second embodiment similar 
to that illustrated in Figure 1 save that an inlet 30 and 
plenum 32 are provided in the housing 2, together with 
a further annular nozzle 34 formed at a location coinci- 
dent with that of the nozzle 1 6. In this instance in use air 
is introduced to the nozzle 34 from the inlet 30 and the 
plenum 32 and thence to the passage 3 to aerate the 
flow whereby a three-phase condition is realised consti- 
tuted by the liquid phase of the body of water, the steam 
and the air. 

[0069] The use of air or another gas may assist in the 
suppression of cavitation thus reducing physical deteri- 
oration of the housing when it occurs near the wall of the 
housing. In this connection the suppression of cavitation 
has the beneficial effect of reducing noise levels and ac- 
cordingly the sonic signature of the fluid mover is thus 
diminished. This attribute in practice would have benefits 
where the mover is to be used in its marine propulsion 
application, particularly when a low signal is desirable. 
[0070] The performance of the present invention can 
be complimented with the choice of materials from which 



it is constructed. Although the chosen materials have to 
be suitable for the temperature, steam pressure and 
working fluid, there are no other restrictions on choice. 
For example, high temperature composites could be 

5 used to optimise the attenuation of noise for enhanced 
acoustic signal reduction in a marine application 
[0071 ] The nozzle 34 or another nozzle or nozzles may 
alternatively form the inlet for other fluids, or solids in 
flowable form such as a powder, for use in mixing or 

10 treatment purposes. For example, a further air nozzle 
may be provided in the passage to provide aeration of 
the working fluid if necessary. The placement of the fur- 
ther nozzle may be either upstream or downstream of 
the transport fluid nozzle or where more than one further 

15 nozzle is provided the placement may be both upstream 
and downstream dependent upon requirements. In an- 
other embodiment of the invention the nozzle 34 is used 
to introduce further working fluid or another fluid, for ex- 
ample water, in the event that the therm a I capacity of the 

20 main working fluid flow may be insufficient to sustain the 
quenching of the steam to provide the requisite suction 
for the working fluid. This approach may be particularly 
applicable for liquids of low thermal capacity or those of 
relatively high viscosity where the addition of a further 

25 fluid such as water is required to substitute for any lack 
of quenching. 

[0072] Referring now to Figure 3 the fluid mover of Fig- 
ure 1 is provided with a frusto-conical cowl 40 adjacent 
the outlet 5 of the passage 3. Its disposition atthis location 

30 allows a further concentration of the induction effect by 
virtue of the working fluid being drawn in not only through 
the inlet 4 but also through the annulus 42 formed be- 
tween the outlet 5 and the internal wall of the cowl 40. A 
venturi effect is produced and thus affords a further ac- 

35 celeration of the flow through the combination of the 
housing and the cowl and thus the thrust is enhanced. 
The position of the cowl may be varied in order to give 
the desired effect. 

[0073] With reference to Figure 4, the embodiment of 

40 Figure 1 is disposed centrally within a casing 50 having 
a diverging inlet portion 52 having an inlet opening 54, a 
central portion 56 of constant cross section, leading to a 
converging outlet portion 58 having an outlet opening 60. 
In use the inlet and outlet openings 54 and 60 are in flow 

45 communication with a body of a working fluid either there- 
within orconnectedto a conduit. In operation the working 
fluid is drawn through the casing 50 with flow being in- 
duced around the housing 2 and also through the pas- 
sage 3 of the mover which is of similar design to that 

50 shown in Figure 1 . The convergent portion 58 of the cas- 
ing provides a means of enhancing the accelerative effect 
of the fluid mover and thus improves theth rust of the fluid 
flow. As an alternative to the specific configuration as 
shown in Figure 4, the inlet portion 52 may display a 

55 shallower angle or indeed may be dimensionally coinci- 
dent with the full bore 56. 
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EXAMPLE 

[0074] By way of example only, we have designed a 
fluid mover (1) having a central passage (3A) bore of 
47mm for use at 5 bar gauge of steam with a dryness of 
99%, the annular nozzle having an area ratio of 1 .9 with 
an included angle of 5.7° and a throat gap of 1 .34 mm. 
The angle at which the nozzle is orientated in relation to 
the axis of the flow passage (3) and that of the mixing 
chamber (3A) is 24°. The mixing chamber (3A) has a 
double taper starting at 8° and reducing to 3° included 
angle at 60% of its length, the length to diameter ratio 
being 2. 1 3. It has been found that this configuration pro- 
vides a fluid mover giving greater performance than con- 
ventional systems. For example the pumped flow rate of 
the working fluid is typically 40% to 100% higher than 
conventional systems, whilst simultaneously performing 
other functions such as heating, mixing etc. 
[0075] The improved performance of the present in- 
vention has the additional benefit over conventional sys- 
tems in requiring less steam to achieve a given perform- 
ance, I.e. a lower proportion of steam is added to the 
working fluid. Typically, this is in the region of 1% by 
mass. 

[0076] The present invention provides the means 
whereby the generation of asupersonic shock wave with- 
in the fluid mover and its extension therefrom with the 
attendant condensation of the transport fluid, namely 
steam, the thrust afforded is enhanced by virtue of the 
momentum transfer from the steam to the working fluid 
giving it added acceleration. The action of the supersonic 
shock wave is controllable by varying the geometry of 
thefluid mover andthe parametric conditions ofthe trans- 
port fluid. 

[0077] The present invention differs from the prior art 
as embodied particularly in Canadian Patent No 833 980 
in that the positioning of the shock wave is not critical; 
although its positioning in the mixing chamber, equivalent 
to the conical inlet zone of Schutte and Koerting, is ad- 
vantageous it may be generated at any desired position, 
supersonic velocity only occurring at the shock wave it- 
self. Although the geometry of the present invention is of 
importance it is not dependent upon the use of the con- 
ventional 'venturi' configuration of a convergent inlet 
zone, a throat and a divergent outlet zone which charac- 
terises and is the essential geometry of the Schutte and 
Koerting jet pump. The Schutte and Koerting jet pump is 
specifically directed at the precise positioning of the 
shock wave to prevent spasmodic or erratic flow condi- 
tions. 

[0078] In the present invention the supersonic velocity 
and the generation ofthe Shockwave creates an accel- 
erative effect which is of considerable advantage. This 
mode of operation is accordingly in sharp contrast to the 
Schutte and Koerting approach which teaches in precise- 
ly the opposite direction. It is to be noted that Schutte 
and Koerting regard such an accelerative effect to be 
deleterious in terms of a reduction in efficiency. 



[0079] Indeed the Schutte and Koerting approach 
predicates the existence of a spasmodic flow by virtue 
of the hunting of the shock wave within the diffusor and 
the objective is to smooth outtheflow. In contradistinction 

5 the present invention does not rely on precision location 
of the shock wave within the bounds of the apparatus in 
order for it to operate satisfactorily. Furthermore it would 
appear that the prior art shock wave would in practice 
extend across the whole ofthe diffusor section, andsince 

10 the pumped fluid is gas this full section Shockwave would 
be generated. As foreshadowed supra the shock wave 
of the present invention may not extend across the whole 
of the chamber cross section and may be constituted in 
a doughnut form with a central opening. Such variation 

15 in shock wave contour is entirely acceptable in the 
present invention and in certain applications may be par- 
ticularly advantageous in terms of the shock wave be- 
coming a threshold of momentum transfer at the point of 
steam condensation which itself creates a high pressure 

20 gradient, the implosive and inductive effect thereof pro- 
viding the intended acceleration of the fluids. 
[0080] The present invention is thus versatile in con- 
trast with Schutte and Koerting in that as aforesaid the 
shock wave positioning is not critical, thus enabling a 

25 broader range of operating parameters and indeed ap- 
plications particularly with regard to the types of fluid 
throughput. The versatility is achieved by the generation 
of the pseudo-convergent/divergent sections which af- 
ford a flexibility of operation that cannot be attained by 

30 the conventional techniques as exemplified by Schutte 
and Koerting. The flexible boundary within the flow re- 
gime is controllable by the adjustment ofthe parameters 
of the transport fluid, viz. the steam pressure and/or flow 
rate. 

35 [0081] It is this versatility that allows the present inven- 
tion to be applied in many different applications over a 
wide range of operating conditions. Furthermore the 
shape of the fluid mover may be of any convenient form 
suitable for the particular application. Thus the fluid mov- 

40 er may be circular, curvilinear or rectilinear, to facilitate 
matching ofthe fluid mover to the specific application or 
size scaling. Size scaling is important in terms of being 
able readily to accommodate differing designed capaci- 
ties in contrast to conventional equipment, e.g. an ejec- 

45 tor, where significant difficulty may be encountered by 
virtue of the physical restraints imposed by the very na- 
ture of its configuration. It is also the case that at the point 
of shock wave generation a disintegrating effect is real- 
ised and for certain applications, for example those in 

50 which fluid/solids mixtures are to be pumped this effect 
is advantageous in facilitating and smoothing flow pat- 
terns and indeed in enhancing the performance of the 
pumping mechanism. Additionally in certain applications 
disintegration of the solids element of the mixtures is an 

55 objective and of prime consideration, and the Shockwave 
front effectively breaks down the solids into discrete piec- 
es. The advantage ofthe present invention in this respect 
is that it affords a duality of function in terms of smoothing 
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flow and of fulfilling a process application requirement. 
[0082] Emulsification is also possible with the deploy- 
ment of the fluid mover of the present invention on a 
once-through basisthis obviating the need for multi-stage 
processing. In this context also the mixing of different 5 
liquids and/or solids is enhanced by the fluid mover by 
virtue of the combination of the shearing mechanism and 
its supersonic shock wave which effects the necessary 
intimacy between the components being brought togeth- 
er as exemplified heretofore. 10 
[0083] The heating of fluids and/or solids can be ef- 
fected by the use of the present invention by virtue of the 
steam input as the transport fluid and of course in this 
respect the invention has multi-capability in terms of be- 
ing able to pump, heat, mix and disintegrate, the relevant 15 
adjustment being effected by the modulation of the steam 
characteristics and thus the variation of the shock wave 
positioning. 

[0084] The use of steam is also important for example 
in the food industry where 'cleaning in place' (known as 20 
'CIP') of conduits used for the transport of fluid ingredi- 
ents is necessary. The steam has a scavenging or scour- 
ing action on the conduit walls and a benefit of the present 
invention is that it does not possess any intricate internal 
formations that could constitute areas of deposition 25 
where contaminating matter may accumulate. In other 
words the fluid mover of the invention presents a clear 
internal profile free of sharp changes that could harbour 
contaminants. 

[0085] The fluid mover is capable of operating with 30 
working fluid at higher temperatures than those associ- 
ated with conventional equipment since for a given steam 
input the volume throughput of the working fluid is much 
greater and thus the working fluid provides for a greater 
thermal capacity for condensing the steam. 35 
[0086] The fluid mover is accordingly advantageous 
not only in the treatment of the working fluid but also in 
the cleansing application mentioned above in that there 
is a sterilising effect. The operation of sterilising plant is 
known as 'sterilising in place' (known as 'SIP'). The in- 40 
vention can thus be used in dual mode to clean and to 
sterilise and thus in certain applications pasteurise the 
working fluid, and thus operates as an in situ steam clean- 
er without the need for auxiliary plant. The added advan- 
tage is that the fluid mover is itself multi-functional and 45 
thus operates as a pump simultaneously with its opera- 
tion as a cleaning mechanism. The sterilising of equip- 
ment with which the fluid mover is associated may be 
effected in batch or continuous mode. A cleaning agent, 
which is typically caustic in most industries, may be 50 
pumped through the equipment by means of the fluid 
mover without the requirement of an additional pump. 
The fluid mover has an advantage over conventional 
pumps for this application due to its lack of moving parts 
and delicate dynamic seals, which are often sensitive to 55 
a caustic environment. 

[0087] The present invention thus has wide applicabil- 
ity in industries of diverse character ranging from the food 



industry at one end of the chain to waste disposal at the 
other end. 

[0088] As foreshadowed in the foregoing description 
the present invention also has potential application as a 
firefighting tool in terms of providing a means of smoke 
extraction having the advantage of both damping and 
precipitating the gas-borne particles in the smoke. It may 
also be used to atomise water thereby producing a fine 
mist for application to fires to suppress combustion. Ad- 
ditionally, the fluid mover may be applied to foam making 
again for use in firefighting, the invention being used for 
mixing of the foaming agent with water and possibly air. 
[0089] As has been indicated above, the present in- 
vention possesses a number of advantages in its oper- 
ational mode and in the various applications to which it 
is relevant. For example the 'straight-through' nature of 
the fluid mover having a substantially constant cross sec- 
tion, with the bore diameter never reducing to less than 
the inlet, means that not only will fluids containing solids 
be easily handleable but also any rogue material will be 
swept through the mover without impedance. The fluid 
mover of the present invention is tolerant of a wide range 
of particulate sizes and is thus not limited as are conven- 
tional ejectors by the restrictive nature of their physical 
convergent/divergent sections. The fluid mover provides 
flexibility by virtue of the pseudo-convergent/divergent 
sections to accommodate any variations in throughput 
material size. 

[0090] The suppression of cavitation effected by aer- 
ation of the working fluid which also reduces surface fric- 
tion losses also diminishes its sonic signature and ac- 
cordingly benefits accrue in terms of the application of 
the invention in the field of marine propulsion. The sup- 
pression of cavitation also has benefits in obviating the 
cause its deleterious physical effects, such as pitting. 
[0091] In the case where only two phases are present, 
the energy transfer from the steam to the working fluid 
only produces a transient wake and accordingly the phys- 
ical flow signature of the mover is small and short-lived. 
Again benefits are derived from such a mechanism. 
[0092] The present invention thus affords wide appli- 
cability with improved performance over the prior art pro- 
posals in the field of fluid movers. 
[0093] It is to be understood that the expression 'aer- 
ation' as used herein is intended to coverthe introduction 
of air or other gas into the working fluid. 

Claims 

1. A fluid mover (1) comprising: 

a hollow body (2) provided with a straight- 
through passage (3), 

an inlet (4) at one end of the passage and an 
outlet (5) at the other end of the passage (3) for 
the entry and discharge of a working fluid, 
a nozzle (16) substantially circumscribing and 
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opening into said passage (3) intermediate the 
inlet and outlet ends (4, 5) thereof, 
an inlet (1 0) communicating with the nozzle (1 6) 
for the introduction of a transport fluid, and 
a mixing chamber (3A) being formed within the 5 
passage (3) downstream of the nozzle (16), 
the nozzle (16) being of convergent-divergent 
geometry internally thereof such as in use to pro- 
vide for the generation of supersonic flow of the 
transport fluid therein, 10 

characterised in that: 

the straight-through passage is of substantially 
constant cross section, and 15 
the nozzle (16) and mixing chamber (3A) being 
so disposed and configured that in use a dis- 
persed droplet flow regime and a supersonic 
Shockwave are created within the mixing cham- 
ber (3A) by the introduction of the transport fluid 20 
through the nozzle (16) and subsequent con- 
densation thereof and whereby a pseudo con- 
vergent-divergent section is created in the work- 
ing fluid flow in the mixing chamber (3A) by the 
introduction of the transport fluid through the 25 
nozzle (16). 



2. A fluid mover according to Claim 1 characterised 

in that the nozzle (16) is a steam nozzle, the inlet 

(1 0) is a steam inlet and the transport fluid is steam. 30 

3. A fluid mover (1 ) according to Claim 1 or 2 charac- 
terised in that the shape of the passage (3) may be 
circular, curvilinear or rectilinear. 

35 

4. Afluid mover (1) according to any one of the preced- 
ing claims characterised in that the nozzle (16) is 
disposed in such manner as in use to be in close 
adjacency to the projected surface of the working 
fluid. 40 

5. Afluid mover (1 ) according to Claim 4 characterised 
in that a knife-edge separation between the trans- 
port fluid or steam and the working fluid is afforded. 

45 

6. Afluid mover (1) according to any one of the preced- 
ing claims characterised in that the nozzle (16) is 
annular. 

7. Afluid mover (1) according to Claim 6 characterised 50 
in that the nozzle (1 6) is a single aperture. 

8. Afluid mover (1 ) according to Claim 6 characterised 
in that the nozzle is discontinuous to form a plurality 

of apertures. 55 

9. A fluid mover (1 ) according to Claim 7 or 8 charac- 
terised in that the or each aperture is provided with 



helical vanes for inducing swirl. 

10. Afluid mover (1) according to any one the preceding 
Claims 1 to 5 characterised in that the nozzle is 
helically formed to circumscribe the passage. 

11. A fluid mover (1) according to anyone of the preced- 
ing claims characterised in that the nozzle (16) is 
configured to give the highest velocity steam jet, the 
lowest pressure drop and the highest enthalpy. 

12. Afluid mover (1) according to anyone of the preced- 
ing claims characterised in that the nozzle (16) is 
angled towards the passage (3). 

13. Afluid mover (1) according to anyone of the preced- 
ing claims characterised in that a plurality of noz- 
zles (16) is provided spaced apart longitudinally of 
the passage (3), each nozzle being provided with a 
mixing chamber section downstream thereof. 

14. Afluid mover (1) according to Claim 13 character- 
ised in that the nozzles (16) at different locations 
along the passage (3) have differing geometries. 

15. Afluid mover (1) according to anyone of the preced- 
ing claims characterised in that there is provided 
one or more further nozzles (34) intermediate the 
inlet (4) and the outlet (5) to the passage (3). 

16. Afluid mover (1) according to Claim 14 character- 
ised in that the or each further nozzle (34) is located 
upstream and/or downstream of the nozzle (16) for 
the transport fluid or steam. 

17. Afluid mover (1) according to anyone of the preced- 
ing claims characterised in that the cross sectional 
dimension of the passage (3) at the location of the 
nozzle (1 6) for the transport fluid or steam is greater 
than that either upstream or downstream thereof. 

18. Afluid mover (1) according to anyone of the preced- 
ing claims characterised in that the cross-sectional 
area of the mixing chamber (3A) equals or is greater 
than that of the passage (3). 

19. Afluid mover (1) according to Claim 18 character- 
ised in that the cross-sectional area of the mixing 
chamber (3A) varies with its length. 

20. Afluid mover (1) according to Claim 19 character- 
ised in that the degree of variation differs along the 
length of the mixing chamber (3A). 

21. Afluid mover (1) according to anyone of the preced- 
ing claims characterised in that a cowl (40) is pro- 
vided downstream of the outlet (5) from the passage 
(3). 
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22. A method of moving a working fluid comprising the 
steps of presenting a fluid mover (1 ) to the fluid, the 
mover having a straight-through passage (3), char- 
acterised in that the straight-through passage is of 
substantially constant cross section and the method 
further comprises the steps of applying a substan- 
tially circumscribing stream of a transport fluid to the 
passage through an annular nozzle (1 6)thereby cre- 
ating a pseudo-convergent/divergent section in the 
working fluid flow, causing the collapse of the trans- 
port fluid thereby to create a region of low pressure 
to induce flow of the working fluid through the pas- 
sage (3), generating a dispersed droplet flow regime 
and a supersonic shock wave within a mixing cham- 
ber (3A) downstream of the nozzle (16), inducing 
flow of the working fluid through the passage (3) from 
an inlet (4) to an outlet (5) thereof, and modulating 
the shock wave to vary the working fluid discharge 
from the outlet (5). 

23. A method according to Claim 22, wherein the trans- 
port fluid is steam, and the steam is caused to col- 
lapse by virtue of condensation thereof to create the 
region of lowpressure thereby to induce working fluid 
flow through the passage (3). 

24. A method according to Claim 22 or 23 characterised 
in that the pseudo-convergent/divergent section in 
the fluid flow presents a flexible boundary lying be- 
tween the working fluid and the wall of the passage. 

25. A method according to Claim 23 characterised in 

that the steam characteristics of pressure, flow rate, 
dryness and/or temperature are varied to provide the 
required performance of the steam nozzle (16). 

26. A method according to Claim 22, 23 or 24 charac- 
terised in that additional fluid is introduced into the 
passage downstream of the nozzle (1 6) for the pur- 
pose of enhancing the condensation of the steam. 

27. A method according to Claim 26 characterised in 
that the additional fluid is working fluid. 

28. A method according to Claim 26 characterised in 
that the additional fluid is water. 

29. Amethod accordingto Claim 22 or23 characterised 
in that one or more additional fluids and/or solids 
is/are introduced into the passage upstream or 
downstream of the nozzle (16). 

30. A method according to Claim 29 characterised in 
that the additional fluid(s) are in the form of one or 
more liquids. 

31. A method according to Claim 29 characterised in 

that the additional solids is/are in particulate form. 



32. A method according to Claim 29 characterised in 
that the additional solids is/are in pulverulent form. 

33. A method according to Claim 29 characterised in 
5 that the additional solids are in gelatinous and/or 

glutinous form. 

34. A method according to any one of Claims 22 to 33 
characterised in that the working fluid is a liquid. 

10 

35. A method according to any one of Claims 22 to 33 
characterised in that the working fluid is a mixture 
of a liquid and solids material. 

15 36. A method according to Claim 34 characterised in 
that the mixture is a sludge or slurry. 

37. A method according to Claim 34 characterised in 
that the solids material is particulate in form. 

20 

38. A method according to Claim 34 characterised in 

that the solids material is in pulverulent form. 

39. A method according to Claim 34 characterised in 

25 that the solids material is a fatty substance, oil or 
grease. 

40 . A m eth o d acco rd i n g to C I ai m 22 o r 23 c h aracte r i sed 
in that the working fluid is gaseous. 

30 

41. A method according to Claim 39 characterised in 

that the gaseous working fluid is air. 

42. A method according to Claim 39 characterised in 

35 that the gaseous working fluid is smoke. 

43. A method according to Claim 33 characterised in 
that the working fluid includes a foaming agent. 

40 44. Amethod moving a working fluid accordingto Claim 
22 or23 and any one of Claims 33 to 38 as dependent 
thereon characterised in that the working fluid is 
heated thereby. 

45 45. a method of moving a working fluid according to 
Claim 22 or 23 and any one of Claims 33 to 38 as 
dependent thereon characterised in that the solids 
material is disintegrated or mixed with the carrying 
liquid. 

50 

46. A method of moving a working fluid according to 
Claim 22 or 23 and Claim 38 characterised in that 

the fatty substance, oil or grease of the working fluid 
is emulsified thereby. 

55 

47. A method of moving a working fluid according to 
Claims 29 and 39 as dependent on Claim 23 char- 
acterised in that the working fluid is air and the ad- 
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ditional liquid is waterwhereby the water is atomised 
upon encountering the shearing effect of the steam 
and the supersonic shock wave thereby to generate 
a mist. 



Patentanspruche 

1. Eine Stromungsmaschine (1), die Folgendes be- 
in haltet: 10 

einen hohlen Korper (2), der mit einem 
Durchgangsdurchlass (3) versehen ist, 
einen Einlass (4) an einem Ende des Durchlas- 
ses und einen Auslass (5) an dem anderen Ende 15 
des Durchlasses (3) fur den Eintritt und Ablass 
eines Arbeitsfluids, 

eine Duse (16), die den Durchlass (3) im We- 
sentlichen abgrenzt und sich zwischen dem Ein- 
lass und dem Auslassende (4, 5) in inn offnet, 20 
einen Einlass (10), der zur Einfuhrung eines 
Transportfluids mit der Duse (1 6) kommuniziert, 
und 

eine Mischkammer (3A), die innerhalb des 
Durchlasses (3) stromabwarts der Duse (16) 25 
verlaufend gebildet ist, 

wobei die Duse (1 6) intern davon von einer kon- 
vergentdivergenten Gestaltung ist, urn bei Ver- 
wendung die Erzeugung von Uberschallstro- 
mung des Transportfluids darin zu berucksich- 30 
tigen, 

dadurch gekennzeichnet, dass: 

der Durchgangsdurchlass von einem im We- 35 
sentlichen konstanten Querschnitt ist, und 
die Duse (1 6) und die Mischkammer (3A) so an- 
geordnet und konfiguriert sind, dass bei Ver- 
wendung durch die Einfuhrung des Transport- 
fluids durch die Duse (1 6) und die nachfolgende 40 
Kondensation davon innerhalb der Mischkam- 
mer (3A) ein dispergiertes Tropfchenflusssy- 
stem und eine Ultraschalldruckwelle geschaffen 
werden konnen, und wodurch durch die Einfuh- 
rung des Transportfluids durch die Duse (1 6) in 45 
der Mischkammer (3A) in der Stromung des Ar- 
beitsfluids ein scheinkonvergent-divergenter 
Teilabschnitt geschaffen wird. 

2. Stromungsmaschine gemaB Anspruch 1, dadurch 50 
gekennzeichnet, dass die Duse (16) eine Dampf- 
duse ist, der Einlass (10) ein Dampfeinlass ist und 
das Transportfluid Dampf ist. 

3. Stromungsmaschine (1) gemaB Anspruch 1 oder 2, 55 
dadurch gekennzeichnet, dass die Form des 
Durchlasses (3) kreisformig, gekrummt odergerad- 
linig sein kann. 



4. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass die Duse (1 6) auf derartige Art und Weise an- 
geordnet ist, dass sie sich bei Verwendung in enger 
Nachbarschaft zu der vorstehenden Oberflache des 
Arbeitsfluids befindet. 

5. Stromungsmaschine (1) gemaB Anspruch 4, da- 
durch gekennzeichnet, dass eine messerscharfe 
Trennung zwischen dem Transportfluid oder dem 
Dampf und dem Arbeitsfluid erlaubt wird. 

6. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass die Duse (16) ringformig ist. 

7. Stromungsmaschine (1) gemaB Anspruch 6, da- 
durch gekennzeichnet, dass die Duse (16) eine 
einfache Offnung ist. 

8. Stromungsmaschine (1) gemaB Anspruch 6, da- 
durch gekennzeichnet, dass die Duse diskontinu- 
ierlich ist, um eine Vielzahl von Offnungen zu bilden. 

9. Stromungsmaschine (1 ) gemaB Anspruch 7 oder 8, 
dadurch gekennzeichnet, dass die oder jede Off- 
nung mit schraubenformigen Schaufeln versehen 
ist, um Verwirbelung zu induzieren. 

10. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche 1 bis 5, dadurch gekenn- 
zeichnet, dass die Duse schraubenformig gebildet 
ist, um den Durchlass abzugrenzen. 

11. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass die Duse (16) konfiguriert ist, um den Dampf- 
strahl mit der hochsten Geschwindigkeit, die gering- 
ste Druckabnahme und die hochsten Enthalpie zu 
bieten. 

12. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass die Duse (16) zu dem Durchlass (3) hin abge- 
winkelt ist. 

13. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass eine Vielzahl von Dusen (1 6) langs des Durch- 
lasses (3) mit Abstand angeordnet bereitgestellt ist, 
wobei jede DCise mit einem Mischkammerteilab- 
schnitt stromabwarts davon verlaufend versehen ist. 

14. Stromungsmaschine (1) gemaB Anspruch 13, da- 
durch gekennzeichnet, dass die Dusen (16) an 
unterschiedlichen Stellen entlang dem Durchlass (3) 
verschiedene Gestalten aufweisen. 



13 



25 



EP 1 549 856 B1 



26 



15. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass eine oder mehrere weitere Dusen (34) zwi- 
schen dem Einlass (4) und dem Auslass (5) zu dem 
Durchlass (3) bereitgestellt sind. 5 

16. Stromungsmaschine (1) gemaB Anspruch 14, da- 
durch gekennzeichnet, dass die oder jede weitere 
Duse (34) stromaufwarts und/oderstromabwarts der 
DCise (1 6) verlaufendfurdasTransportfluid oder den 10 
Dampf lokalisiert ist. 

17. Stromungsmaschine (1) gemaB einem der vorher- 
gehenden Anspruche, dadurch gekennzeichnet, 
dass das QuerschnittsausmaB des Durchlasses (3) 15 
an der Stelle der Duse (16) fur das Transportfluid 
oder den Dampf groBer ist als das entweder strom- 
aufwarts oder stromabwarts verlaufende davon. 

18. Stromungsmaschine (1) gemaB einem der vorher- 20 
gehenden Anspruche, dadurch gekennzeichnet, 
dass der Querschnittsbereich der Mischkammer 
(3A) gleich dem odergroBeralsderdes Durchlasses 

(3) ist. 

25 

19. Stromungsmaschine (1) gemaB Anspruch 18, da- 
durch gekennzeichnet, dass der Querschnittsbe- 
reich der Mischkammer (3A) in seiner Lange variiert. 

20. Stromungsmaschine (1) gemaB Anspruch 19, da- 30 
durch gekennzeichnet, dass der Grad der Varia- 
tion entlang der Lange der Mischkammer (3A) ab- 
weicht. 

21. Stromungsmaschine (1) gemaB einem der vorher- 35 
gehenden Anspruche, dadurch gekennzeichnet, 
dass eine Verschalung (40) stromabwarts des Aus- 
lasses (5) von dem Durchlass (3) bereitgestellt ist. 

22. Ein Verfahren zum Antreiben eines Arbeitsfluids, 40 
das die Schritte des Prasentierens einer Stromungs- 
maschine (1) zu dem Fluid, wobei die Maschine ei- 
nen Durchgangsdurchlass (3) aufweist, beinhaltet, 
dadurch gekennzeichnet, dass der Durchgangs- 
durchlass einen im Wesentlichen konstanten Quer- 45 
schnitt aufweist, und das Verfahren des Weiteren 

die Schritte des Anwendens einer im Wesentlichen 
abgrenzenden Stromung eines Transportfluids zu 
dem Durchlass durch eine ringformige Duse (16) be- 
inhaltet, wodurch ein scheinkonvergent/divergenter 50 
Teilabschnittin dem Fluss des Arbeitsfluids geschaf- 
fen wird, wodurch der Niederschlag des Transport- 
fluids verursacht wird, um eine Region niedrigen 
Drucks zu schaffen, um den Fluss des Arbeitsfluids 
durch den Durchlass (3) zu induzieren, wobei ein 55 
dispergiertes Tropfchenflusssystem und eine Ultra- 
schalldruckwelle innerhalb einer Mischkammer (3A) 
stromabwarts der Duse (1 6) erzeugt wird, wobei der 



Fluss des Arbeitsfluids durch den Durchlass (3) aus 
einem Einlass (4) zu einem Auslass (5) davon indu- 
ziert wird, und des Modulierens der Druckwelle, um 
den Ablass des Arbeitsfluids aus dem Auslass (5) 
zu variieren, beinhaltet. 

23. Verfahren gemaB Anspruch 22, wobei das Trans- 
portfluid Dampf ist und verursacht wird, dass sich 
der Dampf aufgrund von Kondensation davon nie- 
derschlagt, um dadurch die Region niedrigen Drucks 
zu schaffen, um den Fluss des Arbeitsfluids durch 
den Durchlass (3) zu induzieren. 

24. Verfahren gemaB Anspruch 22 oder 23, dadurch 
gekennzeichnet, dass der scheinkonvergent/di- 
vergente Teilabschnitt in dem Fluss des Fluids eine 
flexible Abgrenzung prasentiert, die zwischen dem 
Arbeitsfluid und der Wand des Durchlasses liegt. 

25. Verfahren gemaB Anspruch 23, dadurch gekenn- 
zeichnet, dass die Dampfcharakteristiken von 
Druck, Durchflussgeschwindigkeit, Trockenheit und/ 
oder Temperatur variiert werden, um die erforderli- 
che Leistung der Dampfduse (16) bereitzustellen. 

26. Verfahren gemaB Anspruch 22, 23 oder 24, da- 
durch gekennzeichnet, dass zusatzliches Fluid in 
den Durchlass stromabwarts der Duse (16) verlau- 
fend zum Zweckdes Forderns der Kondensation des 
Dampfes eingefuhrt wird. 

27. Verfahren gemaB Anspruch 26, dadurch gekenn- 
zeichnet, dass das zusatzliche Fluid Arbeitsfluid ist. 

28. Verfahren gemaB Anspruch 26, dadurch gekenn- 
zeichnet, dass das zusatzliche Fluid Wasser ist. 

29. Verfahren gemaB Anspruch 22 oder 23, dadurch 
gekennzeichnet, dass eins oder mehrere zusatz- 
liche Fluide und/oder Feststoffe in den Durchlass 
stromaufwarts oder stromabwarts der Duse (1 6) ver- 
laufend eingefuhrt wird/werden. 

30. Verfahren gemaB Anspruch 29, dadurch gekenn- 
zeichnet, dass das/die zusatzliche(n) Fluid(e) in der 
Form von einerodermehreren Flussigkeiten vorhan- 
den ist/sind. 

31. Verfahren gemaB Anspruch 29, dadurch gekenn- 
zeichnet, dass der/die zusatzliche(n) Feststoff(e) 
partikelformig ist/sind. 

32. Verfahren gemaB Anspruch 29, dadurch gekenn- 
zeichnet, dass der/die zusatzliche(n) Feststoff(e) 
pulverformig ist/sind. 

33. Verfahren gemaB Anspruch 29, dadurch gekenn- 
zeichnet, dass der/die zusatzliche(n) Feststoff(e) 
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gelatinos und/oder klebrig ist/sind. 

34. Verfahren gemaB einem der Anspruche 22 bis 33, 
dadurch gekennzeichnet, dass das Arbeitsf luid ei- 

ne Flussigkeit ist. 5 

35. Verfahren gemaB einem der Anspruche 22 bis 33, 
dadurch gekennzeichnet, dass das Arbeitsf luid ei- 
ne Mischung aus einer Flussigkeit und Feststoffma- 
terial ist. 10 



47. Verfahren zum Antreiben eines Arbeitsfluids gemaB 
Anspruch 29 und 39, wie abhangig von Anspruch 
23, dadurch gekennzeichnet, dass das Arbeits- 
fluid Luft ist und die zusatzliche Flussigkeit Wasser 
ist, wobei das Wasser beim Antreffen der Scherwir- 
kung des Dampfes atomisiert wird, und wodurch die 
Ultraschalldruckwelle einen Beschlag erzeugt. 



Revendications 



36. Verfahren gemaB Anspruch 34, dadurch gekenn- 
zeichnet, dass die Mischung ein Schlamm oderei- 
ne Aufschlammung ist. 

37. Verfahren gemaB Anspruch 34, dadurch gekenn- 
zeichnet, dass das Feststoffmaterial partikelformig 
ist. 

38. Verfahren gemaB Anspruch 34, dadurch gekenn- 
zeichnet, dass das Feststoffmaterial pulverformig 
ist. 

39. Verfahren gemaB Anspruch 34, dadurch gekenn- 
zeichnet, dass das Feststoffmaterial ein Fettstoff, 
6l oder Fett ist. 

40. Verfahren gemaB Anspruch 22 oder 23, dadurch 
gekennzeichnet, dass das Arbeitsfluid gasformig 
ist. 

41. Verfahren gemaB Anspruch 39, dadurch gekenn- 
zeichnet, dass das gasformige Arbeitsfluid Luft ist. 

42. Verfahren gemaB Anspruch 39, dadurch gekenn- 
zeichnet, dass das gasformige Arbeitsfluid Rauch 
ist. 

43. Verfahren gemaB Anspruch 33, dadurch gekenn- 
zeichnet, dass das Arbeitsfluid ein Schaumbildner 
umfasst. 

44. Verfahren zum Antreiben eines Arbeitsfluids gemaB 
Anspruch 22 oder 23 und einem der davon abhan- 
gigen Anspruche 33 bis 38, dadurch gekennzeich- 
net, dass das Arbeitsfluid dadurch erwarmt wird. 

45. Verfahren zum Antreiben eines Arbeitsfluids gemaB 
Anspruch 22 oder 23 und einem der davon abhan- 
gigen Anspruche 33 bis 38, dadurch gekennzeich- 
net, dass die Feststoffsubstanz aufgelost oder mit 
der Tragerflussigkeit gemischt wird. 

46. Verfahren zum Antreiben eines Arbeitsfluids gemaB 
Anspruch 22 oder 23 und Anspruch 38, dadurch 
gekennzeichnet, dass der Fettstoff, 6 1 oder Fett 
des Arbeitsfluids dadurch emulgiert wird. 



1. Un dispositif de deplacement de fluide (1) 
comprenant : 

15 un corps creux (2) pourvu d'un passage allant 

de bout en bout (3), 

une admission (4) au niveau d'une extremite du 
passage et une sortie (5) au niveau de I'autre 
extremite du passage (3) pour I'entree et I'eva- 
20 cuation d'un fluide moteur, 

une tuyere (16) qui circonscritsubstantiellement 
ledit passage (3) et s'ouvre dans celui-ci entre 
les extremites d'admission et de sortie (4, 5) de 
celui-ci, 

25 une admission (10) qui communique avec la 

tuyere (16) pour I'introduction d'un fluide de 
transport, et 

une chambre de melange (3A) qui estformee a 
I'interieur du passage (3) en aval de la tuyere 
30 (16), la tuyere (16) etant de geometrie conver- 

gente-divergente a I'interieur de celui-ci de sorte 
a assurer, a I'utilisation, la generation d'un ecou- 
lement supersonique du fluide de transport dans 
celle-ci, 

35 

caracterise en ce que : 

le passage allant de bout en bout est de coupe 
transversale substantiellement constante, et 

40 la disposition et la configuration de la tuyere (16) 

et de la chambre de melange (3A) sont telles 
qu'a I'utilisation, un regime d'ecoulement a gout- 
telettes dispersees et une onde de choc super- 
sonique sont crees a I'interieur de la chambre 

45 de melange (3A) par I'introduction du fluide de 

transport au travers de la tuyere (16) et la con- 
densation subsequente de celui-ci et grace a 
quoi une section pseudoconvergente-divergen- 
te est creee dans I'ecoulement de fluide moteur 

50 dans la chambre de melange (3A) par I'introduc- 

tion du fluide de transport au travers de la tuyere 
(16). 

2. Un dispositif de deplacement de fluide selon la re- 
55 vendication 1 caracterise en ce que la tuyere (16) 

est une tuyere de vapeur, I'admission (10) est une 
admission de vapeur et le fluide de transport est de 
la vapeur. 
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3. Un dispositif de deplacement de fluide (1) selon la 
revendication 1 ou 2 caracterise en ce que la forme 
du passage (3) peut etre circulaire, curviligne ou rec- 
ti ligne. 

5 

4. Un dispositif de deplacement de fluide (1 ) selon Tune 
quelconque des revendications precedentes carac- 
terise en ce que la tuyere (1 6) est disposee de telle 
maniere a etre, a ('utilisation, en contiguTte proche 
avec la surface projetee du fluide moteur. 10 

5. Un dispositif de deplacement de fluide (1) selon la 
revendication 4 caracterise en ce qu'il est offert 
une separation bien tranchee entre le fluide ou la 
vapeur de transport et le fluide moteur. 15 

6. Un dispositif de deplacement de fluide (1 ) selon Tune 
quelconque des revendications precedentes, carac- 
terise en ce que la tuyere (16) est annulaire. 

20 

7. Un dispositif de deplacement de fluide (1) selon la 
revendication 6 caracterise en cequelatuyere (16) 
est une ouverture unique. 

8. Un dispositif de deplacement de fluide (1) selon la 25 
revendication 6 caracterise en ce que la tuyere est 
discontinue pour former une pluralite d'ouvertures. 

9. Un dispositif de deplacement de fluide (1) selon la 
revendication 7 ou 8 caracterise en ce que la ou 30 
chaque ouverture estpourvue de pales helicoTdales 
pour induire un tourbillon. 

1 0. Un dispositif de deplacement de fluide (1 ) selon Tune 
quelconque des revendications precedentes 1 a 5 35 
caracterise en ce q ue la tuyere est f ormee de f agon 
helicoTdale afin de circonscrire le passage. 

11. Un dispositif de deplacement de fluide (1 ) selon Tune 
quelconque des revendications precedentes carac- 40 
terise en ce que la tuyere (1 6) est configuree pour 
donner la plus grande vitesse de jet de vapeur, la 
plus petite chute de pression, et la plus grande en- 
thalpie. 

45 

1 2. Un dispositif de deplacement de fluide (1 ) selon Tune 
quelconque des revendications precedentes carac- 
terise en ce que la tuyere (1 6) est coudee en direc- 
tion du passage (3). 

50 

1 3. Un dispositif de deplacement de fluide (1 ) selon I'une 
quelconque des revendications precedentes carac- 
terise en ce qu'une pluralite de tuyeres (16) sont 
fournies espacees les unes des autres longitudina- 
lement au passage (3), chaque tuyere etant pourvue 55 
d'une section de chambre de melange en aval de 
celle-ci. 
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14. Un dispositif de deplacement de fluide (1) selon la 
revendication 1 3 caracterise en ce que les tuyeres 
(16) a differents emplacements le long du passage 
(3) ont des geometries qui different. 

15. Un dispositif de deplacement defluide (1)selon I'une 
quelconque des revendications precedentes carac- 
terise en ce qu'il estfourni uneou plusieurs tuyeres 
supplementaires (34) entre I'admission (4) et la sor- 
tie (5) sur le passage (3). 

16. Un dispositif de deplacement de fluide (1) selon la 
revendication 14 caracterise en ce que la ou cha- 
que tuyere supplemental re (34) est situee en amont 
et/ou en aval de la tuyere (16) destinee au fluide ou 
a la vapeur de transport. 

17. Un dispositif de deplacement defluide (1)selon I'une 
quelconque des revendications precedentes carac- 
terise en ce que la dimension en coupe transversale 
du passage (3) au niveau de ('emplacement de la 
tuyere (16) destinee au fluide ou a la vapeur de trans- 
port est superieure a celle soit en amont, soit en aval 
de celle-ci. 

18. Un dispositif de deplacement defluide (1)selon I'une 
quelconque des revendications precedentes carac- 
terise en ce que I'aire en coupe transversale de la 
chambre de melange (3A) est egale ou est superieu- 
re a celle du passage (3). 

19. Un dispositif de deplacement de fluide (1) selon la 
revendication 18 caracterise en ce que I'aire en 
coupe transversale de la chambre de melange (3A) 
varie avec sa longueur. 

20. Un dispositif de deplacement de fluide (1) selon la 
revendication 1 9 caracterise en ce que le degre de 
variation differe sur la longueur de la chambre de 
melange (3A). 

21. Un dispositif de deplacement defluide (1) selon I'une 
quelconque des revendications precedentes carac- 
terise en ce qu'un capot (40) est fourni en aval de 
la sortie (5) depuis le passage (3). 

22. Un procede pour deplacer un fluide moteurcompre- 
nant les etapes de presenter un dispositif de depla- 
cement de fluide (1 ) au fluide, le dispositif de depla- 
cement ayant un passage allant de bout en bout (3), 
caracterise en ce que le passage allant de bout en 
bout est de coupe transversale substantiellement 
constante et le procede comprend de plus les etapes 
d'appliquer un flux substantiellement circonscrivant 
d'un fluide de transport sur le passage par I'interme- 
diaire d'une tuyere annulaire (16), creant de ce fait 
une section pseudo-convergente/divergente dans 
I'ecoulement de fluide moteur, d'amener le fluide de 
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transport a retomber pour creer de ce fait une region 
de basse pression afin d'induire I'ecoulement du flui- 
de moteur au travers du passage (3), de generer un 
regime d'ecoulement a gouttelettes dipersees et une 
onde dechocsupersonique al'interieurd'unecham- 5 
bre de melange (3A) en aval de la tuyere (16), d'in- 
duire I'ecoulement du fluide moteur au travers du 
passage (3) depuis une admission (4) jusqu'a une 
sortie (5) de celui-ci, et de moduler I'onde de choc 
afin de faire varier I'evacuation de fluide moteur de- 10 
puis la sortie (5). 



23. Un procede selon la revendication 22, dans lequel 
le fluide de transport est de la vapeur, et la vapeur 

est amenee a retomber en vertu de la condensation 15 
de celle-ci afin de creer la region de basse pression 
pour induire de ce fait I'ecoulement de fluide moteur 
au travers du passage (3). 

24. Un procede selon la revendication 22 ou 23 carac- 20 
terise en ce que la section pseudo-convergente/ 
divergente dans I'ecoulementde fluide presente une 
frontiere flexible qui se trouve entre le fluide moteur 

et la paroi du passage. 

25 

25. Un procede selon la revendication 23 caracterise 
en ce que Ton fait varier les caracteristiques de pres- 
sion, vitesse d'ecoulement, secheresse et/ou tem- 
perature de la vapeur afin de fournir la performance 
requise de la tuyere de vapeur (1 6). 30 

26. Un procede selon la revendication 22, 23 ou 24 ca- 
racterise en ce que du fluide additionnel est intro- 
duit dans le passage en aval de la tuyere (16) aux 
fins de promouvoir la condensation de la vapeur. 35 

27. Un procede selon la revendication 26 caracterise 
en ce que le fluide additionnel est du fluide moteur. 

28. Un procede selon la revendication 26 caracterise 40 
en ce que le fluide additionnel est de I'eau. 

29. Un procede selon la revendication 22 ou 23 carac- 
terise en cequ'il estintroduitun ou plusieursfluides 
et/ou solides additionnels dans le passage en amont 45 
ou en aval de la tuyere (16). 

30. Un procede selon la revendication 29 caracterise 
en ce que le ou les fluides additionnels sont sous la 
forme d'un ou de plusieurs liquides. 50 

31. Un procede selon la revendication 29 caracterise 
en ce que le ou les solides additionnels sont sous 
forme particulate. 

55 

32. Un procede selon la revendication 29 caracterise 
en ce que le ou les solides additionnels sont sous 
forme pulverulente. 



33. Un procede selon la revendication 29 caracterise 
en ce que les solides additionnels sont sous forme 
gelatineuse et/ou gluante. 

34. Un procede selon I'une quelconque des revendica- 
tions 22 a 33 caracterise en ce que le fluide moteur 
est un liquide. 

35. Un procede selon I'une quelconque des revendica- 
tions 22 a 33 caracterise en ce que le fluide moteur 
est un melange d'un liquide et de matieres solides. 

36. Un procede selon la revendication 34 caracterise 
en ce que le melange est une boue ou une bouillie. 

37. Un procede selon la revendication 34 caracterise 
en ce que les matieres solides sont de forme parti- 
culaire. 

38. Un procede selon la revendication 34 caracterise 
en ce que les matieres solides sont sous forme pul- 
verulente. 

39. Un procede selon la revendication 34 caracterise 
en ce que les matieres solides sont un corps gras, 
de I'huile ou de la graisse. 

40. Un procede selon la revendication 22 ou 23 carac- 
terise en ce que le fluide moteur est gazeux. 

41. Un procede selon la revendication 39 caracterise 
en ce que le fluide moteur gazeux est de I'air. 

42. Un procede selon la revendication 39 caracterise 
en ce que le fluide moteur gazeux est de la fumee. 

43. Un procede selon la revendication 33 caracterise 
en ce que le fluide moteur inclut un agent moussant. 

44. Un procede pour deplacer un fluide moteur selon la 
revendication 22 ou 23 et I'une quelconque des re- 
vendications 33 a 38 lorsqu'elles dependent de cel- 
les-ci caracterise en ce que le fluide moteur est 
chauffe de ce fait. 

45. Un procede pour deplacer un fluide moteur selon la 
revendication 22 ou 23 et I'une quelconque des re- 
vendications 33 a 38 lorsqu'elles dependent de cel- 
les-ci caracterise en ce que les matieres solides 
sont desintegrees ou melangees avec le liquide por- 
teur. 

46. Un procede pour deplacer un fluide moteur selon la 
revendication 22 ou 23 et la revendication 38 carac- 
terise en ce que le corps gras, I'huile ou la graisse 
du fluide moteur est emulsionne de ce fait. 

47. Un procede pour deplacer un fluide moteur selon les 
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revendi cations 29 et 39 lorsqu'elles dependent de la 
revendication 23 caracterise en ce que le fluide 
moteur est de I'air et le liquide additionnel est de 
I'eau grace a quoi I'eau est atomisee des qu'elle ren- 
contre I'effet de cisaillement de la vapeur et I'onde 5 
de choc supersonique pour generer de ce fait une 
brume. 
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